Multimodality mapping and functional MRI. -Richard Coppola (NIMH Neuroscience Center, Washington, D.C., USA).
Recent developments in EEG technology have increased tremendously the localizing power of our systems to detect and localize focal EEG transients. Scientists have developed powerful source localizing methods which can be used to demonstrate EEG abnormalities inside a theoretical model of the head like an electrical tomogram, the so called Loreta method. Others have made it possible to localize focal events inside a two dimensional MRI slice or three dimensional reconstructed realistic model of the patients own head.
Using both methods, a patient is demonstrated with a traumatic skull lesion without brain tissue changes, who suffered from memory changes due to organic brain EEG as a window on the mind: Past, present and future.
-Alan Gevins (EEG Systems Laboratory and SAM Technology, San Francisco, USA).
High temporal resolution is necessary to resolve the rapidly changing patterns of brain activity underlying mental function. Additionally, simple, nonintrusive equipment is needed to routinely measure such functions in doctor's offices, at home and work and in other naturalistic contexts as people perform normal everyday activities. When compared with all other modalities for measuring higher brain functions, EEG is unique in that it has both these attributes. Two factors are limiting the further development and application of EEG for measuring cognitive functioning, a technical one that is relatively easy to overcome and a sociological one that is more problematic. The technical limitation is that traditional EEG technology and practice provides insufficient spatial detail to identify relationships between brain electrical events and structures and functions visualized by magnetic resonance imaging (MRI) or other modalities. Recent advances overcome this problem by recording EEGs from more electrodes, by registering EEG data with anatomical information from each subject's MRI, by correcting the distortion caused by volume conduction of EEG signals through the skull and scalp, and by computing hypotheses about the sources of signals recorded at the scalp. The sociological limitation is that clinical EEGs are mostly performed by neurologists or psychiatrists with no particular special interest in assessing cognitive brain function, while cognitive research using EEGs is largely done by psychology professors and their graduate students without regard to clinical problems. The diminishing clinical role of traditional EEGs in localizing lesions in the brain, and the obvious and insistent medical need for inexpensive and accessible tests of cognitive brain functioning may serve to soon dissipate this sociological obstruction. This will lead to a rebirth of EEG in which Hans Berger's vision of the EEG as a window on the mind will be realized. Rather than slowly fading into obsolescence, EEG will retain its role as the primary means of measuring higher brain function when the purpose is not three-dimensional localization per se, and will serve as an invaluable complement to functional MRI in those instances when both high temporal and high spatial resolution are required.
Various benefits of laughter. -Shigeaki Matsuoka (Showa Hospital, Shimonoseki, Japan).
There is an old saying that "anger is an emotior~ of animals, and smiling is an emotion of human beings". Although the emotional aspect of facial expressions has been investigated in depth, a scientific explanation has yet to be established. Ever since I saw two patients presenting with laughter attacks due to brain tumors, and another two patients with crying attacks due to cerebral hemorrhage, I have been captivated by the mystery of the smiles and laughter.
Thalamus and its surrounding structures, pons, and frontal and temporal cerebral cortices have been identified as responsible lesions for forced laughing in the previous literature. If laughter is regarded as a result of a release phenomenon from higher functions, it is possible that lesions in the cerebral cortex, pons or cerebral peduncles may cause laughter. With regard to lesions in the diencephalon, laughter may be caused by destruction of the hypothalamus, which is known as "the emotional center". However, the central mechanisms of laughter, especially the complex functional interaction of emotions, can not be explained by a simple localization theory.
Power of the immune system is known to be reduced during depression, by contrast, positive thinking, purposeful life style, smiling and laughing may enhance the power of our immune system. Since Norman Cousins' anecdote in which he completely recovered from a severe illness by having a strong will for life and good friends who respected and supported him, in addition to a positive thinking, the sense of humour and laughter have been recognized to promotes our health because laughter has a similar effect to physical exercise, endorphins increase just after laughing, and laughter is believed to enhance immune system. Furthermore, psychotherapy and image-therapy have been applied to the treatment of cancer, which is called "Ikigai therapy" in Japan.
I have been engaged in the research to investigate the movements of facial muscles in elderly people during watching humorous video programs. Normal elderly subjects exhibit simultaneous movements of the eyes and mouth as soon as laughter starts, whereas dementia patients only showed contraction of the perioral muscles during laughter, and no change was noted in the peri-orbital muscles in the demented patients. This approach will be a good way to analyze facial expressions.
More attention needs to be paid to the clinical efficacy of humour and laughter as supplementary methods of treatment, and we need to deliberately incorporate more humour into the curriculum of medical education. Prescription of smiles and laughter will surely enrich patients lives.
Uses and abuses of discriminant analysis in QEEG. -Frank H. Duffy (Boston, USA).
Multivariate discriminant analysis is a well established statistical technique that can he used to classify individual subjects in to one or more diagnostic categories. To do so it combines multiple variables to form one or more new, composite variables known as "discriminant functions" that maximally separate subjects into clinical groupings. Published reports typically demonstrate "highly statistically significant" discriminant that classify "over 90% correctly". Yet that same discriminant function, when placed into clinical practice, can produce variable and sometimes misleading results. Moreover, the same discriminant may work very well in one laboratory only to fail in other. This presentation will explain the basics of discriminant analysis, its proper uses and successes, its improper uses and failures, and why it has both the potential for clinical success and failure.
Quantitative EEG mapping in brain ischemia. -Ken Nagata (Department of Neurology, Research Institute for Brain and Blood Vessels, Akita, Japan).
As suggested by Berger in 1938, aerobic energy metabolism is reflected in the brain rhythmic electrical activity, which is no other than an EEG. Based on the experiences with visual interpretation of EEG tracings the increase of slow wave activities and decrease of background alpha activity have been regarded as reliable indicators of the ischemic lesions. As compared with neuroradiological images, the interpretation of multichannel EEG tracings is felt not very objective or quantitative. Recent computer technology has enabled quantitative multichannel EEG analysis and topographic imaging, whereas both cerebral blood flow (CBF) and aerobic oxygen metabolism (CMRO2) can be measured quantitatively by using a positron emission tomography (PET) in clinical settings. In comparison with the structural damages as shown on x-ray CT or MR/, the functional lesions were usually more extensive on PET or quantitative EEG mapping in patients with ischemic lesions. Both delta and theta power correlated negatively with CBF and CMRO2, whereas the background alpha power correlates positively with CBF and CMRO2 in patients with cerebral infarction, although the correlation was somewhat weaker in normal adults. In the acute stage of cerebral infarction where the reduction of CBF was relatively greater than that of CMRO2, the EEG activities correlated more closely with CBF than with CMRO2, by contrast the correlation was closer with CMRO2 in the subacute stage in which CBF increased due to the luxury perfusion syndrome. In patients who showed a silent cerebral infarction (SCI) in the basal ganglionic areas on MRI, the slower alpha power and faster theta power were greater in those with SCI than in those without infarct whereas beta power was smaller in those with SCI. In patients with mitochondrial cytopathies in which CMRO2 is primarily reduced, delta activity which dominated the background rhythm correlated positively with CMRO2. These studies with quantitative EEG mappings suggest that the decrease in CBF and CMRO2 reflected in the increase or decrease in quantitative EEG activities in brain ischemia.
EEG/EP analysis in general neurology. -Hans L.Hamburger (Dept. Clinical Neurophysiology, Slotervaartziekenhuis, Amsterdam, The Netherlands).
Since the twenties EEG has been proven to be one of the best methods to monitor the brains electrical functions.
Until very recently EEG and EP were the only tests available for this purpose. Since the introduction of high resolution neuro-imaging devices the localization of anatomical changes does not rely anymore on these electrical tests.
However for the detection and localization of functional abnormalities EEG and EP are superior to CT or MRI. Recently functional MRI was able to show local functional properties of the normal human cortex. However the detection of dysfunctions in the sick brain is not yet routinely possible.
In the past 10 years the improved quality of quantified EEG and its topographical analysis has proven to be a major diagnostic tool in large groups of in and out patients.
In patients with diffuse but also local brain functional abnormalities in the absence CT or MRI (anatomical) changes EEG/EP is widely used as method of first choice.
Patients with changes in state of conciuosness e.g., in epilepsy, intoxications and cerebro-vascular disease are the main population of our department. However new groups of patients are seen, suffering from learning and memory disturbances from hereditary, degenerative, or traumatic causes.
Recently our department is involved in the monitoring of cancer patients receiving chemotherapy. Our results show long term brain functional changes correlating with the concentration and duration of the administered drugs. Today patients may survive severe diseases due to ultra modern medical therapy, however they seem to suffer from an induced type of dementia.
Our present day level of clinical neurophysiological skills make it possible to diagnose minor changes in the functions of the brain, before psychologists even measure these changes in the patients behaviour.
Ample practical demonstrations will be given. Quantitative aspects of EEG and evoked potentials have been the subject of extensive research. But, when it comes to clinical applications of brain mapping many questions remain unanswered. Some technical issues continue to pose a problem: how many electrodes can be used without taking too long for its application ? artifacts -how much to tolerate ? reference -which is the best ?
EEG mapping findings in Amyotrophic Lateral
Mapping has been sometimes addressed to tentatively help solving difficult cases. Now it seems more important to address questions such as its sensitivity and specificity regarding each disease. Nevertheless, much work remains to be done on clinical grounds, including prospective studies; and is still very difficult to plainly respond a simple question: which are brain mapping clinical indications?
Perhaps in the future, diverting this question, a new situation can be faced: every EEG will be recorded as a digital EEG, so the numbers for quantification are available; hopefully, an universal recording protocol will also be developed to permit data uniformity.
During visual analysis, EEG may be sufficient to answer all important clinical questions; or a quantitative analysis will be required and a new question arises: which software best suits this particular patient ? An improved Boundary Element Method for realistic volume conductor modeling is presented. The BEM includes an optimized Auto Solid Angle approximation, a virtual triangle refinement using the surface normats of the triangulated compartments, and a weighted Isolated Problem Approach accounting for the large conductivity difference between brain and skull.
The performance of this new approach is compared to analytically solvable three spherical shells models and standard BEM models. Field deviations and localization accuracies are determined for tangentially and radially oriented test dipoles at different eccentricities.
The calculated lead fields of several EEG and MEG setups are analyzed by singular vaiue decompositions showing the differences between realistically shaped and spherical models. Dipole mislocalizations due to simplified volume conductor models are investigated for EEG and MEG examinations for test dipoles located at points on a regular 3D grid with 10mm spacing inside the conductor and all principal dipole orientations.
Finally applications of the new method are studied and the results are compared to the spherical shells approximation.
The influence of inhomogeneities in a head model on EEG and MEG. -S.P. van den Broek, M. Donderwinkel, and M.J. Peters (University of Twente, Enschede, The Netherlands).
A realistically shaped model of the head, consisting of tetrahedral elements, is used to investigate the influence of inhomogeneities in the volume conductor (e.g., ventricles and holes) on EEG and MEG. The potential is computed using the finite-element method. The magnetic field is calculated from this potential distribution, applying the law of Biot-Savart.
In order to study the influence of the ventricles, computations are carried out using two models: one in which the elements within the ventricles are given the same conductivity as the brain and one in which these elements have a higher conductivity. The influence of holes in the skull layer is examined by giving some elements in the skull layer the same conductivity as that of the brain.
The geometry of compartments is obtained semiautomatically from Magnetic Resonance Imaging (MRI) scans. The surface of the ventricles is obtained by manually selecting points on the interface between ventricle and brain. The computation time depends on the total number of tetrahedrons. Therefore, the vertices are distributed in, such a way that a sufficiently high accuracy is obtained with as few tetrahedrons as possible. Realistically shaped head models are widely used as volume conductor models for interpretation of neuromagnetic and neuroelectric data by means of source localization. For neuromagnetic source localization volume conductor models based on the Boundary Element Method (BEM) utilize the inner skull boundary as a one compartment volume conductor. Usually T1 weighted 3-D MRI (magnetic resonance imaging) data sets are used for the construction of the realistically shaped volume conductor model and for overlaying the source reconstruction results and the head anatomy.
However, using TI weighted MRI scans one can not distinguish between bone and cerebrospinal fluid. With the help of T2 weighted MRI scans it is possible to determine the inner skull boundary for the volume conductor construction.
A 3-D T1 and T2 weighted MRI data set was obtained from three healthy right handed volunteers. An electrical stimulus was delivered to the right median nerve and the Cortical magnetic field was recorded. We compared both, the constructed BEM models itself based on TI and T2 weighted MRI scans and the source localization with the different BEM models.
At the best fit time instance in the 20 ms latency we found no significant difference between the source localization employing the two different BEM models. However, the BEM models showed significant differences in the frontal occipital cortical areas.
MEG applications and clinical relevance. -J. B. Vieth (Dept. of Experimental Neuropsychiatry, University of Erlangen-Niirnberg, Germany).
The magnetoencephalography (MEG) can determine the location and the extent of normal and abnormal brain activity (Magnetic Source Imaging = MSI)o Validations with structural brain lesions are the basis to find clinical relevant applications to localize functional lesions. Our contour fit approach transfers the MSI results into the appropriate MRI (magnetic resonance imaging) scans. Both focal averaged and spontaneous abnormal slow (1-6 Hz) or fast (12.5-30 Hz) activity is analyzed by using our 'dipole-density-plot (DDP)' or the 'current localization by spatial filtering (CLSF)' in order to solve the multisource problem. (1) Routine application is established in neurosurgery of brain tumors jointly using the neuronavigator to localize the sensory, motor, auditory and eloquent gyri in relation to the tumour. (2) Routine application depends on further studies, when epileptic activity, especially the epileptogenic lesion is localized to be used in the presurgical evaluation of drug resistant epilepsy. (3) Clinical relevance might be assumed for transient ischemic attacks (also silent ones), white matter lesions (MS, lacunar infarcts), and Rolandic epilepsy. (4) Maybe clinical relevance is possible for abnormal (epileptic) activity in schizophrenia and for cognitive activity). Some applications are compared to results of the functional MRI and the MRI spectrum. Physical modelling of extended biomag-netic sources is still a widely unsolved problem. Both in neuromag-netism and cardiomagnetism detailed descriptions of the source model are needed for simulation studies and experimental validation as well.
We propose a new technique of physical modelling of extended sources which could be of regular or irregular shape. The same technique can be used to perform well-defined regions of inhomogeneity within the volume conductor. The new source model was applied in physical phantoms.
In a first step extended sources were placed inside a spherical volume conductor for validation purposes. The outside magnetic field was measured at the Biomagnetic Center of Jena using the Philips multichannel system.
After validation with the spherical model realistically shaped phantoms will be applied. Numerical algorithms for current reconstruction are just under development.
The study is performed to validate the numerical methods of source reconstruction by comparison with measurement results which were taken under quite identical conditions. EEG mapping and dipole modelling in epilepsy. -Peter K. Wong (British Columbia's Children's Hospital, Vancouver, Canada).
Non-invasively scalp EEG recording provides helpful guidance to the presence, activity and location of underlying cortical generators. The interictal EEG is often cast in a secondary role when it comes to the identification and localization of epileptic foci. The fact that high resolution MRI (both anatomic and functional modalities) are available and easily co-registered with EEG data has strengthened this perception. The talk by Dr. Alan Gevins in this conference will further develop this line of investigation using high resolution EEG technique.
The human brain has extensive infolding of the superficial cortex. In general, two thirds are buried within the sulci, and one third is exposed. Such infolding has been thought to merely maximize the cortical surface area, with no particular difference in structure and function between the exposed (gyral crown area) and buried (fissural or fundal areas) cortical areas. There is however, human and animal evidence to suggest that they are different. EEG data will be used as an example.
We use the clinical entity of Rolandic epilepsy, or benign childhood epilepsy with central temporal spikes (BECTS), and the EEG entity of rolandic spikes as models for study purposes. They provide separate findings which allow quite similar conclusions about the underlying neuronal source, and also provide us with means of study. These spikes can have a radial or tangential orientation, which in turn depends on their location within the cortical gyri. If these foci can be represented by point sources, radial spikes should then arise from gyral crown, while tangential spikes arise from fissural wall. This phenomenon can be clearly illustrated using dipole localization method (DLM), which models a point source as the generator for the scalp activity.
The application of topographic methods to analyse the EEG spikes will be further discussed in relation to DLM results, and applied to enhance understanding of the relative roles of the exposed and buried cortical regions in epileptogenesis. We attempted to determine the existence of relationship between temporal spike location and significant background abnormalities, in a group of subjects without signs of local or diffuse cortical deterioration, but all of them with sharp waves or spikes in the temporal lobes. The population included patients with different clinical syndromes, like epilepsy, anxiety disorder, etc. The patients were grouped according to the spiking lateralization in: left, right, and bitemporal. Spikes and sharp waves were detected automatically during a 4 hs monitoring session without ictal activity. Spectral analysis was performed on segments of EEG corresponding to eyes closed awake state, the amount of time used for the spectral analysis was of 30 or more minutes per patient. QEEG parameters to be correlated to the spiking activity were restricted to the 6 temporal lobes electrodes defined in the 10/20 EEG International System. No abnormal EEG slow wave activity was found on any of the three groups, the only spectral parameter that correlated with the lateralization of spiking was Beta activity (13-24 Hz), There was no correlation between the spiking amount and the magnitude of Beta power increase within groups. We showed before that Magnetic Source Imaging (MSI) localizes the epileptogenic lesion very reliable, when spontaneous slow (1.5-6 Hz) and fast (12.5-30 Hz) wave activity is analyzed. In focal epilepsies the results of 6 different approaches were coinciding in the same area of structural lesions and of non structural lesions.
In this study we compared the former time integrated results of the Dipole Density Plot (DDP) with those of the time integrated Current Localization by Spatial Filtering (CLSF), the Current Density Plot (CDP). The data are from the previous patients with focal epilepsy (5 with, 4 without structural lesions) recorded with the 37-channel Siemens system Krenikon R. The results showed for the first time a shell like distribution of slow and fast wave activity in the border zone of the structural lesions.
In 4 children with Rolandic epilepsy we used the 74-channel BTi system, Magnes II R and the DDP in order to analyze the sharp waves (irritative zone) the spontaneous slow and fast waves (epileptogenic lesion). The sources of sharp waves and of the lesional activity were located in the corresponding precentral gyrus. While the study of the EEG activity at rest has been useless for the diagnosis of dyslexia, research on changes in EEG that cognitive tasks cause seem to be more effective.Twenty pure dyslexias -gasified according to E.Bodees test (14 dyseidetic dyslexics, 3 dysphonetic dyslexics and 3 of the mixed subtype)-have been studied. Brain mapping of alpha rhythm variation during 3 cognitive tasks of one minute each (low voice reading, writing, and drawing a clock) were thus obtained. Every test has been adjusted to each child's educational level. On the other hand, a population of twenty normal children has also been researched. Normal children have shown a symmetrical blocking of the alpha rhythm of both hemispheres, with predominance at the occipitoparietal areas. Dyslexic children manifested some areas of alpha underreactivity. A correlation between the topography of the areas of alpha underreactivity and the type of dyslexia was found. Dyseidetic dyslexic children showed areas of alpha underreactivity in the right hemisphere; dysphonetic dyslexic children revealed them in the left hemisphere, while the mixed subtype did it in both of them.
Areas of alpha underreactivity in dyslexic
Topography of brain activity evoked during mental arithmetic and language tasks. -W. Skrandies, P. Reik, and Ch. Kunze (Institute of Physiology, Justus-Liebig University, Giessen, Germany).
We studied visual information processing using two different tasks that presumably need different cognitive styles. A group of 20 healthy subjects either solved arithmetic tasks shown sequentially on a monitor or compared words presented as anagrams. Task difficulty was varied as confirmed by analyzing questionnaires from an independent group of 30 adults. Brain activity was recorded from an array of 30 electrodes extending form the inion to 25% above the nasion. For each subject mean potentials were averaged off-line over 1500 ms after screening the EEG for artifacts. For all data epochs of stable topography were determined quantitatively resulting in 12 independent segments. Significant differences between tasks were found where the strength of the potential fields determined as global field power was different between arithmetic and language tasks at short latencies in the order of 125 to 200 ms. Task difficulty also affected the strength of the responses with increasing amplitudes during active stimulus processing. In addition, topographic changes were observed which, however, did not support a clear effect in terms of hemispheric differences.
Correlation between quantified EEG and P300 in dementia. -H.Garcia, S. Starkstein, J. D'Amorin (Buenos Aires, Argentina).
Objective: to examine quantified EEG' (QEEG) and P300 changes in patients with mild or moderate alzheimer's disease (AD).
Background: while QEEG and P300 changes have been reported in AD, the specificity of their abnormalities has not been clearly established.
Methods: We examined 12 patients with probable AD with either mild (n=6) or moderate (n=6) dementia, and 6 age-comparable normal controls. Participants were assessed with QEEG and P300 using and odd-ball paradigm.
Results: AD patients with mild or moderate dementia showed significantly lower alpha in occipital areas and a significantly lower alpha/theta ratio than controls. Patients with mild AD also showed a significant anteriorization of the maximum amplitude of the P300, as well as "double-flaks" as compared to controls, while patients with moderate AD showed a significant increase in P300 latency as compared to controls.
Conclusions: QEEG and P300 are techniques with a potential complementary role in the diagnosis of mild dementia. ERD's and amplitude envelope (AM-EEG) mappings with 125 ms and 5 ms time resolutions were applied to the study of repeated auditory beep stimulations given to 12 healthy female young volunteers. 19 EEG channels (10/20 system), polygraphy and sound track were recorded at 200 Hz. After neural network and visual rejection of artifacts, ERD, AM-EEG, 4D activation trajectory analyses and mappings were applied and statistically validated by exact probability Fisher tests. Functional time-course activation trajectories were displayed showing early left temporal, centro-parietal, centro-frontal and later activation of left frontal areas ending with left central area. Global field power segmentation** was also applied to the set of data. Topological segmentation and criteria for topological invariants* in 4D analysis and mappings were also studied and will be discussed in terms of functional dynamics of perceptual and cognitive processes.
P Affective meaning may be quantified by the semantic differential technique resulting in three independent dimensions, and every word is uniquely located on the dimensions evaluation ("good -bad"), potency ("strongweak"), activity ("active -passive"). In this study 162 nouns were rated by 30 adults. Following a factor analysis 85 were selected which scored high positive or negative on one dimension, and had small scores on the others yielding six semantic stimulus classes which were then used in electrophysiological experiments. All classes contained words of comparable length and frequency in the German language. Words were presented on a monitor in a randomized order, and the EEG was recorded from 22 subjects in 30 channels. Evoked potentials were computed for each semantic class. Analysis of the potential fields yielded 10 time ranges where significant differences between semantic classes were found in terms of latency, field strength, and topography. These effects were not restricted to late "cognitive" components, but brain activity at early latencies in the order of 80 to 200 ms was affected by semantic meaning of the stimuli.
Topography of auditory evoked cortical potentials in children with severe language impairment -A followup study. -Inger Tonnquist-Uhln (Department of Audiology, Karolinska Hospital, Stockholm, Sweden).
The topography of the longqatency auditory evoked potentials (LAEPs) N1, P2, N2 and the T complex, as assessed with the Biologic Brain Atlas III system, was investigated in 20 children with severe language impairment (LI). Twenty normal children served as controls (C). A similar topographic pattern was found in the Li and the C children, but with a higher proportion of deviating and non-focal maps in the LI group. The latencies of all components were significantly longer in the LI than in the C children. A follow-up study in 12 of these LI children at late adolescence tended to show less topographic deviations and normal latencies, indicating a catch-up of maturation in auditory pathways despite a persistent language disorder. There are several possible explanations for this finding and these can only be conjectured. For instance a disturbance in auditory pathways during an intense period of brain development may have deprived the maturation in other cortical regions necessary for normal language development. Topographic maps of the LAEP components including P300 in a dichotic listening paradigm in the same LI subjects will also be described.
The effect of pre-stimulus alpha activity on the auditory P300 paradigm: A prospective study. -G. Price (Clinical Studies Unit, Brisbane, Australia).
A method is described for carrying out Evoked Response Potential (ERP) testing in which the background EEG is itself treated as an independent variable, and the application of a stimulus made contingent upon this variable. As anillustration of the method, an Auditory Oddball paradigm was implemented, in association with real time processing and testing of the background EEG, and an investigation was carried out into the effect of background alpha activity in 35 normal subjects. In the novel methodology presented here, stimulus presentation was conditional on a "high" level of alpha activity in the pre-stimulus EEG as evaluated by real time spectral analysis. The dependency of presentation of the stimuli on the state of the pre-stimulus EEG suggests the term "interactive" ERP for the methodology. The resulting ERP was compared with that of a matched recording without pre-stimulus EEG testing. The results show that the parietal P300 peak is reduced by the use of alpha dependent interactive recording. This result indicates that the background EEG activity at the time of application of a stimulus can have an effect on the resulting ERP.
Working memory functions in prefrontal lobes measured by tomography based coherence. -Susanne Mientus, Roberto Pascual-Marqui (Berlin, Germany).
The principles of Low Resolution Tomography (LORETA) and coherence were used to identify regions of the human cortex that were selectively modulated by working memory processes. In an experimental situation requiring focused as well as sustained attention subjects performed an orientation task. Repeated performing of spatial orientation with closed eyes thus caused feature specific activation patterns in the visual system. Since all these features need to be connected to each other to create an internal representation of the explored structure we expected some kind of functionally associative connections.
According to Singer's dictum (1993) , what fires together wires together" brain electric activity measured by the EEG was evaluated by means of coherence analyses. Based on the EEG-data a Low Resolution Tomography was computed to determine the current density distribution in the brain volume for each point in time. The LORETA data were taken to define regions of interest in the brain volume and to calculate the coherences between these regions. The results support recent findings by Gevins (1995) and Frackowiak (1996) that localize working memory-function in the prefrontal midline brain regions. Coherences in all frequency bands (O, czl, a2) tend to converge in this region while showing a high pattern specificity for the frequency bands respectively. Task specific changes seem to be related to the O-band while working memory processes in general are reflected by coherence patterns in the al -and ^2-band.
Multimodality investigations in brain disorders. -Richard Coppola (NIMH Neuroscience Center, Washington, D.C., USA).
Both PET and SPECT have shown abnormalities on blood flow and metabolism in a variety of neuropsychiatric disorders. Development of new radioligands have also allowed in vivo neurochemical investigations in clinical and normal populations. However, relatively poor spatial and temporal resolution has limited these studies to rely on group averaging. In brain disorders there is increasing focus on inter-and intra-individual differences especially in cognitiv e activation patterns. Improvements in functional MRI now allow full brain imaging and time scales that yield significant activation patterns within a single subject. The methods have been established with simple tasks compared on several imaging modalities and extended to more complex cognitive tasks. Results from studies of working memory in schizophrenic patients will serve as an example and provide a basis for discussion of work with other clinical groups and extension to comparison across several modalities.
Combined PET and topographic EEG studies in unilateral spatial neglect. -Ken Nagata*, Satorn Hiroi ^ and Hiromichi Yuya @ (*Research Institute for Brain and Blood Vessels, Akita, Japan; ^Iwate Medical University, Morioka, Japan; @Kobe Shakaihoken Central Hospital, Kobe, Japan).
To elucidate the pathophysiology underlying unilateral spatial neglect (USN), we examined 50 right-handed patients with a right hemisphere infarction and 22 agematched right-handed normal volunteers. In addition to the topographic EEG, all subjects underwent a positron emission tomography (PET) which provided cerebral blood flow (CBF) and oxygen metabolism (CMR02). Monopolar 16-channel EEG was recorded with earlobes as reference, and relative power was calculated as to delta (2.0-3.8Hz), theta (4.0-7.8Hz), alpha (8.012.8Hz) and beta (13.0-29.8Hz) bands. The evaluation of USN based on the line bi-section and line cancelling tests was carried out in the acute and chronic stages. Out of 50 patients, 23 showed a persistent USN which had been observed even in the chronic stage, 11 showed a transient USN which disappeared in the chronic stage, and 16 showed no USN from the acute stage. Both CBF and CMR02 were more severely reduced in the right parietal and superior temporal regions in those with persistent USN than in those with transient USN or those without USN. On the left hemisphere, CBF and CMR02 were reduced as low as 80% of the normal control in those with persistent USN whereas they were as high as 90-98% in those with transient USN or those without USN. In the topography EEG, delta power was increased in the right parieto-occipital (P4-02) site, whereas the alpha power was diffusely reduced bilaterally and the reduction was much greater in the right hemisphere in those with persistent USN. This indicates that the unaffected hemisphere, namely the left hemisphere might have a role of vicarious functioning in the recovery from USN in the chronic stage. Using the habituation paradigm, topographic visual event related potentials (VERP) in which cobr pictures of various faces were used as stimuli was recorded sequentially from a 62-year-old ambidextrous male patient who showed a gradual recovery from the prosopagnosia, associative visual object agnosia and upper altitudal hemianopsia due the cerebral infarction in occipital lobes owing to the occlusion of both posterior cerebral arteries. In the VERP, unfamiliar faces were used as a repeat stimulus, while his own face and his son's face were used as target and reference stimuli, respectively. Each stimulus was exposed for 0.5 sec with an interval for 3.0 sec. Discrete infarcts were detected in the both occipital lobes on MR images in the acute stage. In positron emission tomography (PET), both cerebral blood flow (CBF) and oxygen metabolism (CMR02) were markedly decreased not only in the medial occipital cortices but also in the adjacent occipital areas during the acute stage when the subject exhibited a severe prosopagnosia, whereas CBF and CMR02 were seen to decrease only in the lower occipital regions in the chronic stage when he showed a partial recovery from the deficits. Positive peak that usually appears around 300 ms was not detected on VERP in the acute stage, whereas the positive peaks were recognized at 600 ms while the foci of these peaks appeared around the Cz in the chronic stage. The time course of VERP was thought to reflect the recovery process from the severe visual agnosia.
Intraoperative electrophysiological and hemodinamic monitoring for ischemic brain during carotid endarterectomy (CEA). -F. Shichijo, K. Nishitani, T. Soga, S. Ueda (Department of Neurological Surgery, School of Medicine, The University of Tokushima, Tokushima, Japan).
The purpose of intraoperative monitoring during carotid endarterectomy (CEA) is to detect the ischemic conditions after cross-clamping of the internal carotid artery. In 120 CEAs, 16-channel electroencephalogram (EEG) and somatosensory evoked potentials (SSEPs) were monitored as an electrophysiological monitoring. The deviation ratio topography (DRT), devised by us in 1984, was also used to detect the spatial and sequential EEG changes, statistically. Twelve patients (10%) had DRT and SSEP changes after 3 minutes cross-clamping test. In this group, the internal shunt and barbiturate therapy were applied for the protection against ischemic conditions and 3 patients had postoperative deficits. Twelve patients (10%) had only DRT changes and 2 (1.7%) had only SSEP changes without postoperative deficits. In the latest 26 of 120 CEAs, transcranial Doppler ultrasonography (TCD) and near-infrared spectroscopy (NIRS) were also monitored as a hemodynamic monitoring. TCD monitoring was possible in only 15 patients (58%) in our series for technical or anatomical reasons. The blood flow velocities in the middle cerebral artery were reduced in all the cases after cross-clamping. Ten patients (38%) had NIRS changes. DRT and SSEP changes occurred in only 1 of the latest 26 cases. In conclusion, DRT was the most useful method in the study and prevention of intraoperative stroke.
Variable resolution electrical tomography. -P. Valdes, F. Marti, F. Garcia, R. Casanova and R. Biscay (Havana, Cuba).
There has been a traditional distinction between inverse solutions that posit discrete sources such as dipoles and those that are based upon distributed sources that must be estimated on a grid in the whole brain volume. A new technique is introduced, VARETA (Variable Resolution Electrical and magnetic Tomography) that simultaneously estimates both discrete and distributed sources, thus breaking down the apparent distinction between both types of solution. VARETA is similar to another type of inverse solution, LORETA, since it solves the inverse problem subject to a spatial smoothness constraint. Unlike LORETA the amount of smoothness at each point in the brain grid is variable and is estimated from the data. Numerical experiments show that VARETA is able to fit complicated multipole dipole configurations, forcing the solution to zero except in the immediate vicinity of the dipoles. If the source is distributed or a mixture of discrete and distributed, then VARETA also carries out an accurate reconstruction, even in the presence of noise. VARETA frequency domain estimates of the localisation of the alpha rhythm are much more localised than other types of solutions.
Tomographic QEEG. -P. Valdes, R. Casanova, J. Riera (Havana, Cuba).
QEEG has been to date intimately linked to BRAIN TOPOGRAPHY. Topography suffers from the shortcomings of reflecting EEG/MEG measurements on the surface of the head that are, in fact, spatial convolutions of three dimensional current density distributions. The recent development of TOMOGRAPHIC solutions for the EEG (LORETA, VARETA) offers the possibility of a QEEG more closely linked to neuroanatomy. The issues involved in developing such a Tomographic QEEG are stated and initial solutions are presented. The most important problems are a) the use of a "standard brain" for routine clinical work, b) The development of norms for inverse solutions and c) The development of Z tomograms. A particular problem is the increase of variables that accrues from tomographic solutions that aggravates the statistical treatment of multiple correlated data already present in Topographic qEEG.
Saccadic eye movements and visually evoked brain activity. -W. Skrandies and Kleiser (Institute of Physiology, Justus-Liebig, University, Giessen, Germany).
Earlier studies from our laboratory have illustrated how saccadic eye movements influence electrical brain activity. We studied the effects of moving stimuli while the subjects either fixated a central point or made saccadic eye movements of 15 eccentricity. A pattern of two red LEDs was presented stationary or moving at various velocities between 178~ and 533~ Horizontal, vertical and diagonal movement was compared. Twenty-four healthy adults between 20 and 35 years of age participated in the experiments, and the EEG was recorded from 30 electrodes over the occipital brain areas simultaneously with the horizontal and vertical EOG.
Two components were analysed which had a latency of about 150 ms and 220 ms. Latency, field strength, and the topographical distribution were influenced by eye movements and stimulus velocity. Without eye movements field strength was significantly larger than without eye movements. Most significant topographic changes were observed when eye movement and stationary evoked brain activity was compared indicating that dur- Elderly subjects at risk for developing Alzheimer's Disease (AD) were recruited by newspaper advertisement soliciting subjects with recent memory problems. After eliminating those with already evident AD and with other evidence of medical illness, 161 subjects were followed for up to four years. So far 18 subjects have converted to AD. We compare -in isolation-FFT data, spectral coherence data, evoked potential data, and neuropsychological data as to their ability to recognize AD (using jackknifed classification as outcome measure). We then contrast and compare these data types in combination to develop optimal clinical predictors. All data sets show robust classification with data combinations showing better results. The optimal FFT variables are increased theta and decreased beta in the AD subjects. The optimal spectral coherence variables, measures of cortical connectivity, are reduced in patients at highest risk for AD. Thus even when AD cannot be clinically diagnosed, patients with AD demonstrate findings that are characteristic of established AD. QEEG data show promise as being of clinical use in the prediction of AD in. an "at risk" population. Howard et a1. (1994 Biological Psychology, 38, 169-181) conclude that the contingent negative variation (CNV) "has promise as a measure of both deviant and nondeviant sexual preference". 34 heterosexual males (28.8 years) and 28 male subjects (mean 35.6 years) with deviant sexual behaviour (fetishism, sadomasochism and transvestism) were studied when looking at neutral, heterosexual and paraphiliac slides. The CNV was recorded from F4, Fz, F3, C4, Cz, C3, P4 and P3, linked mastoids reference.
POSTERS
The CNV paradigm was a 1 sec baseline period, S1 (a 250 ms exposure of slides) followed 3.25 sec. later by 6 sec. exposure of the same slide ($2).
There was no significant difference between the groups for personality traits except for the Sadomasochistic factor of the Wilson Sex Fantasy Questionnaire (p<.001). The normal group responded to heterosexual slides with a higher CNV during 1000-2000 msec. at P4.
Deviant group response to the heterosexual slides is abnormal. This result could be explained by a postulated damaged sexual object recognition receptor in the paraphiliac brain. A series of experiments were undertaken to test whether Magnetoencephalography (MEG) and MultiChannel Electroencephalography (EEG) can be used to assess activity from the human prefrontal cortex during the performance of various types of tasks. Specifically, we tested whether Contingent Negative Variations (CNVs) and their magnetic counterparts, elicited during visuospatial, visual-object, familiar person and visual-verbal recognition tasks, could have their generators explained, in a first approximation, as current dipoles localized in or in the vicinity of the frontal cortex. Our main aim was to test of the hypothesis of regional specialization of prefrontal function. For that test, obtained dipole positions were compared across pairs of tasks performed during a same experiment. MEG and EEG were recorded for the comparison of a spatial task with a visual-object recognition task. MEG was used for comparison of sources corresponding to a visual-object versus a familiar person recognition task. Finally, both MEG and EEG were used during a visual-verbal task to test whether lateralized activity was obtainable. Results confirmed that these essentially non-motor forms of CNVs and their magnetic concurrent activity are indeed generated by the frontal cortex. Moreover, for a majority of subjects it was possible to spatially distinguish the sources corresponding to each type of task i.e., a sample form of functional mapping of the frontal cortex is possible. According to the traditional viewpoint, the EEG may be conceived as the output of a linear system processing white noise. The presence of bispectral components and evidences for nonlinear behavior do not support completely this viewpoint. As an alternative, the EEG signal may correspond to a nonlinear low dimensional chaotic system. Correlation Dimension and Lyapunov Exponents estimations presumably support this viewpoint. However, recent research with surrogate data techniques suggests that the chaos theory viewpoint have not a convincing theoretical support. We applied kernel nonparainetric estimation methods for estimating the under-lying EEG dynamics (alpha rhythm, spike and wave activity). We obtained that the innovation noise is necessary for explaining EEG dynamics. Thus, spike and wave activity may be conceived as a limit cycle perturbed by intrinsic noise (instead of a chaotic attractor). Otherwise, the stochastic component is needed for accounting for the amplitude features as well as predictability properties of alpha activity. We conclude that conception of the EEG as generated by a nonlinear stochastic system may more adequately characterize EEG dynamics. The use of several mathematical methods for estimating cortical potentials from arrays of scalp surface potentials has been reported in the literature; most of these methods are based on least-squares reconstruction principles and operate in the time-space domain. This report provides a new method to improve minimum norm solution based on spatial deconvolution framework for time domain inverse solutions in the presence of noise. Based on prior cortical potential information, the current source density is estimated in the current space. Some preliminary results are presented that suggest that this method warrants further development. In a recent study of 27 healthy volunteers [1] we found a significant positive correlation between the latency of the P2 component of the flash-visual-evoked-response and age, and a significant negative correlation between P2 latency and visuospatial function, as measured by the Visual Memory Span subtest of the Wechsler Memory Scale-Revised. We have now studied another 42 healthy subjects bringing the total to 69. Using all the data, the correlation between P2 latency and age again is found to be significant (latency = 86.92 + 1.08 age; Pearson r = 0.548; p = 0.0001), but the correlation between P2 latency and visual memory span is now significant (Pearson r = 0.241; p = 0.064). Previously we had speculated that flash P2 latency would correlate negatively with visual memory span and might be a prodromal sign of impending Alzheimer's dementia. That speculation is not supported by the present results, and clarification must await further research.
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[ I ] Moore NC, Vogel RL, Tucker KA, Khairy NM, Coburn KL (Submitted). P2 flash-visual-evoked-response delay may be a marker of cognitive dysfunction in healthy elderly volunteers. International Ps .Khogeriatrics. The individual mental attitude is, according to Miyauchi, one of the main factors affecting the human factor behaviour in any process. The evaluation of such factor is performed using subjective criteria by means of personality tests or others. Emotional condition is another factor which is also evaluated in the same subjective way. From the Neurological standpoint such conditions might be evaluated by means of clinical test of electroencephalograph and others which in this work a quantitative investigation of such conditions using result comparative analysis.
From the Ergonomic view point, the study of neurophysiology of work, has treated'such question as a mere application of Method Engineering to the human Neurological System. In such system the electrical signals produced by the brain (EEG) is used to construct a graphical representation.
This work sponsored by the "Neurotec Pesquisa e Desenvolvimento em Biomedicina" presents an algorithm comparing two alternative approaches applied to the electroencephalograph activity analyses. Such algorithm performs hypothesis and significance test that evaluate relevant readings in two different contexts: 1) Individual evaluation compared with control group standards (when database information is available) and; 2) individual evaluations under different neurological environmental conditions. The goal of this work is the assessment of plausibility of cortical localization of the N20/N30 SEP complex. We introduced parameters for this plausibility. We investigated the localization of somatosensory evoked activity of ten healthy right handed volunteers and for one subject we recorded the activity for ten times. Electrical stimulation was delivered to the right median nerve. The somatosensory evoked activity was simultaneously recorded with a 28 channel local high resolution EEG grid and a 31 channel MEG system (Philips).
The individual 3-D MRI data sets were used for overlaying reconstruction results and head anatomy, for realistic head modelling based on the Boundary Element Method (BEM) and for source space construction. The best fit time instance in the 20 ms and 30 ms latency was choosen for the comparison of localization plausibility.
The EEG and MEG source localizations was compared between anatomically constrained and unconstrained dipole fit. Additional localization results were compared in relation to the used different volume conductor models -two classical concentric shell models and five different discrete realistic shaped head models.
The results showed that the 3 compartment BEM model suits best for EEG and MEG source localization.
Topographic estimation of EEG power ratio in multiinfarct patients with and without dementia. -Hiromichi Yuya, Ken Nagata and Kenji Nakajima (Shakaihoken Kobe Central Hospital, Kobe; Research Institute for Brain and Blood Vessels, Akita; Kyoto Prefectural University of Medicine, Kyoto).
An increase in slow wave band power with a concomitant decrease in alpha band power has been reported in patients with dementia due to various causes. In the effort to differentiate vascular dementia from those who show multiple infarction without dementia, topographic EEG study was carried out in 8 patients who were diagnosed as having a vascular dementia (VD group) and 8 patients who showed multiple infarction on x-ray CT or MR images but were not demented (MI group). Diagnosis of vascular dementia was based on the clinical course, Hachinski's score and neuroradiological images. Monopolar 16-channel EEG was recorded with both earlobes as reference and power spectral density was calculated between 2.0 to 19.8 Hz. The power ratio was calculated as a ratio of the glow wave band (2,0-7.8Hz) power to the alpha band (8.0-12.8Hz) power for each channel. In the comparison of the group mean values, there was a tendency toward the power ratio from the frontal regions to be slightly greater m VD group than in MI group. However, there was a considerable variability in power ratio in MI group, and this made it difficult to differentiate VD and MI groups from the quantitative EEG data.
Anatomically constrained dipole fit in the combination of MEG and MRI for presurgical mapping patients. -H.Nowak*, K. Wegner A, T. Heuer ^, R. Huonkerl, and J. Haueisen* (*Biomagnetisches Zentrum; aKlinik fiir Neurologie, Friedrich-Schiller-Universit~it, Jena, Germany).
The combination of MEG (magnetoencephalogram) and MRI (magnetic resonance imaging) allows an anatomically constrained dipole fit as solution of the neuromagnetic inverse problem. Only dipole positions in the cortex and dipole directions perpendicular to the cortex surface are considered as valid source space for the anatomically constrained dipole fit. The advantage of this method, when compared to the commonly used unconstrained dipole fit, is the direct correlation to the cortical anatomy.
We compared the anatomically constrained dipole fit with the unconstrained dipole fit (Simplex method) and lead field normalized minimum norm solutions for ten presurgical mapping patients (electrical stimulus to median and tibial nerve). Based on 3-D MRI scans Boundary Element Method models were constructed as volume conductor models and the cortical surface was segmented as source space for each patient. The best fit time instance in the 20 ms and 40 ms latency, respectively, for the unconstrained dipole fit was chosen for the comparison of minimum norm solution, constrained fit, and unconstrained fit.
The result of the anatomically constrained dipole fit was for all patients identically with the focus of the minimum norm solution. The constrained and unconstrained dipole fit showed good agreement, but a localization mismatch of up to I cm was found for single cases.
Dynamical parametrical analysis of VEP in healthy persons and in patients with homonymous perimetric defects. -V. Dimova, P. Kovatchev, S. Cheminkova (University Alexander Hospital, Dept. of Neurology, Sofia -Bulgaria).
Many investigations on the EPs are done in attempt to find out the engaged generator mechanisms and brain structures. Potential field distribution in different types of stimulation allow us to predict the intracranial sources and it provides a basis for testing hypotheses concerning an interpretation of the visual pathways abnormality.
A group of 10 patients with brain tumours and marked homonymous hemianopic defects is investigated and compared with a group of 15 age matched healthy persons. The VEPs components with pattern reversal and hemifield stimulation are studied using the method of dynamical parametrical description based on the momentary power (MP) and momentary frequency (MF).
Our results indicate the possibility of more informative assessment of VEP including two additional parameters -MP and MF. Twenty secondarily generalized tonic-clonic seizure (x 9.28 sec., S: 5.76) were studied with Gabor-Transorm (GT). Each event included i minute preictal and 2 minutes of ictal and postical EEG, all analyzed at C4 electrode. Plateu, relative intensity power of delta, theta and alpha bands over time were analizes. Epochs with evident delta decrements (plateaus) were searched for in the ictal stage applying the following criteria: 1) plateau must last at least 10 sec., 2) the main intensity power for each plateau should be less than 0.3 of the intensity power and 3) the error of this such mean intensity power must be less than 1 to ensure law dispersion.
A stereotyped pattern characterized by significant delta reduction with concomitant increase in theta and alpha bands was identified in 70% of the cases by applying GT.
In all samples a marked increase in delta activity towards the end of the seizure was seen, although no correlation between these patterns and the tonic-clonic phase was found. GT analysis seems to be an important tool in the evaluation of scalp recording generalized seizures, with the great advantage of avoiding muscle related artifacts. This study examines EEG amplitude, power spectrum and coherence of normal subjects in basal conditions and during the preceding epochs foregoing the display of visual stimuli involved in attentional tasks.
Subjects were 12 students (age 22.41+ 7.53; 2 males, 10 females; 11 right handed; 1 left handed). Monopolar 21 EEG channels were recorded with conventional electrodes. The EEG records were carried out during basal conditions (eyes closed-open) and at two task conditions: identification and localization of random display of syllable images on a TV screen. Quantification and analysis were done off-line on basal conditions epochs and epochs recorded between a warning stimuli and syllable taquitoscopic images displayed in both task conditions. Task responses were the behavioral criteria of the attentional conditions.
Hemispheric differences or no differences on qEEG variables of the 11 right handed subjects were compared using the Cochran test. An over all difference among conditions was found in absolute power of the alpha band (Q=14.78, GL=3, P<0.01). Several cases exhibited left and right asymmetric alpha power associated with distinct task conditions in a double dissociation manner. Lateralized coherence increases were also evident. We conclude that asymmetric anticipatory EEG activation precedes visual images entailed with lateralized attentional processes.
